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Abstract
Community-acquired pneumonia (CAP) in adults is an infectious disease with high
morbidity in China and the rest of the world. With the changing pattern in the etio-
logical profile of CAP and advances in medical techniques in diagnosis and
treatment over time, Chinese Thoracic Society of Chinese Medical Association
updated its CAP guideline in 2016 to address the standard management of CAP in
Chinese adults. Extensive and comprehensive literature search was made to collect
the data and evidence for experts to review and evaluate the level of evidence. Corre-
sponding recommendations are provided appropriately based on the level of
evidence. This updated guideline covers comprehensive topics on CAP, including
aetiology, antimicrobial resistance profile, diagnosis, empirical and targeted treat-
ments, adjunctive and supportive therapies, as well as prophylaxis. The
recommendations may help clinicians manage CAP patients more effectively and
efficiently. CAP in pediatric patients and immunocompromised adults is beyond the
scope of this guideline. This guideline is only applicable for the immunocompetent
CAP patients aged 18 years and older. The recommendations on selection of antimi-
crobial agents and the dosing regimens are not mandatory. The clinicians are
recommended to prescribe and adjust antimicrobial therapies primarily based on their
local etiological profile and results of susceptibility testing, with reference to this
guideline.
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1 | INTRODUCTION

This guideline is applicable for the immunocompetent
community-acquired pneumonia (CAP) patients aged 18
years and older. For immunocompromised patients, such as
human immunodeficiency virus (HIV) infection, agranulocy-
tosis, haematological tumour or solid tumour undergoing
chemo-radiotherapy, solid organ transplantation and patients
receiving glucocorticoid or cytokine antagonist, this guide-
line may be inappropriate.

2 | METHODOLOGY FOR
REVISION OF THE GUIDELINE

The revision of the guideline was initiated by Chinese Tho-
racic Society (CTS) and Chinese Medical Association
(CMA). The overall framework and main content of the
updated guideline were finalized following 3 face-to-face
work meetings and 2 online video conferences. The experts
specialized in methodology provided training on standar-
dized literature search and grading of evidence to all the spe-
cialists contributing to the guideline. Level of evidence and
grading of recommendation were based on the Infectious

Diseases Society of America/American Thoracic Society
(IDSA/ATS) guidelines for CAP (2007).1 The level of evi-
dence represents the assessment on the quality of study evi-
dence, and the grading of recommendation refers to the
assessment on the degree to which the benefits of an inter-
vention outweighs the risks. Generally speaking, the higher
the evidence level, the stronger the grade of recommenda-
tion, but they do not fully correspond to each other. The will-
ingness and values of patients, as well as resource
consumption should also be considered when making a rec-
ommendation (Table 1).

This guideline document is composed of 8 sections. The
core panel members are responsible for 8 separate groups to
prepare the first draft by searching and reviewing the rele-
vant domestic and international literature, evaluating evi-
dence level with the unified standard. The grading of
recommendations is decided by vote of all members partici-
pating in the preparation of the guidelines.

The principal writer was responsible for summarization
and modification of the first draft. In the process, 6 face-to-
face work meetings were held to discuss revision of the draft.
Three rounds of consultation were conducted to solicit
advice and opinions from the specialists of the specialty
groups within CTS, CMA, specialists in relevant disciplines
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such as infectious diseases, clinical microbiology, emergency
and critical care medicine and clinical pharmacy and special-
ists from the United States and Europe. The guideline docu-
ment was modified for 6 times based on such discussions
and feedbacks.

The final revised version was approved by all the writers
and consultants.

3 | SECTION 1. DEFINITION AND
DIAGNOSIS OF CAP

3.1 | Definition

CAP refers to the infectious inflammation of lung paren-
chyma (including alveolar wall, ie, pulmonary interstitium in
general meaning) acquired outside of hospitals, including
pneumonia caused by pathogens with proven latency, the
onset of disease is during the latency after the patient is
admitted into hospital.

3.2 | Incidence and mortality of CAP in
adults

The incidence of CAP in adults is 5–11/1000 person-year in
European and North American countries,2 and increases with
age. In the United States, the average incidence of CAP is
2.5/1000 person-year in adult inpatients, 6.3/1000 person-
year in the population aged 65 to 79, and the highest 16.4/
1000 person-year in the population at least 80 years of age.3

A Japanese study showed that the incidence of CAP was 3.4/
1000, 10.7/1000 and 42.9/1000 person-year in the popula-
tions aged 15 to 64, 65 to 74 and� 75, respectively.4 In
China, only the proportion of CAP by age group is available
at present time, but no specific data are available on the

incidence of CAP in adults. A study conducted in China in
2013 showed that in the 16 585 hospitalized CAP patients,
much larger proportion was found in� 5 years (37.3%)
and> 65 years (28.7%) of age groups compared with adults
from 26 to 45 years of age (9.2%).5

The mortality of CAP increases with age of patient. In
Japan, the reported mortality of hospitalized CAP patients
was 1.4% in 15–44 years of age group, 3.3% in 45–64 years
of age group, 6.9% in 65–74 years of age group and 9.3% in
�75 years of age group.6 CAP mortality is also associated
with the severity of disease. Data from a German CAP sur-
veillance network showed that the 30-day mortality of CAP
in adult patients was 8.6%. The mortality rate in outpatients
and inpatients was 0.8% and 12.2%, respectively.7 Addition-
ally, the results of several studies have shown that the 30-
day mortality of moderate-to-severe CAP patients was up to
23%-47% in ICU.8–11

Currently, we lack the data regarding the incidence and
mortality of CAP in China. According to data from the Chi-
na’s Health and Family Planning Statistical Yearbook 2013,
in 2008, the two-week prevalence of pneumonia was 1.1&
in China, slight increase compared with the data in 2003
(0.9&). In 2012, the average mortality of pneumonia was
17.46/100 000 in China; specifically, 32.07/100 000 in the
population under 1 year-old, <1/100 000 in the population
aged 25 to 39, 23.55/100 000 in the population aged 65 to
69 and up to 864.17/100 000 in the population aged >85.12

3.3 | Aetiology of CAP in Chinese adults

The distribution and antimicrobial resistance profile of CAP
pathogens are significantly different across different coun-
tries and regions, and change over time. Currently, the results
of several epidemiological surveys of CAP conducted in

TABLE 1 Evidence level and grade of recommendation

Evidence level and
grade of recommendation Description

Evidence level

Level I (high) Evidence from well-designed, randomized, controlled trials (RCTs), authoritative guidelines and high
quality systematic reviews and meta-analyses

Level II (moderate) Evidence from RCTs with some limitations (eg, trials without allocation concealment, nonblinded, or loss
to follow-up not reported), cohort studies, case series and case-control studies

Level III (low) Evidence from case reports, expert opinions and in vitro antimicrobial susceptibility studies without
clinical data

Grade of recommendation

A (strong) Most patients, physicians and policy makers will adopt the recommended action.
B (moderate) The recommendation will be adopted by the majority, but not by some individuals. Decisions should be

made with consideration of the specific condition of the patient to reflect his/her values and willingness.
C (weak) Insufficient evidence; decisions must be made via mutual discussions involving the patients, physicians

and policy makers.
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Chinese adults have shown that Mycoplasma pneumoniae
and Streptococcus pneumoniae are important pathogens of
CAP in adults in China.13–17 Other common pathogens
include Haemophilus influenzae, Chlamydia pneumoniae,
Klebsiella pneumoniae and Staphylococcus aureus; but
Pseudomonas aeruginosa and Acinetobacter baumannii are
infrequently isolated.13,16–18 In China, only a small number
of cases of community-acquired methicillin-resistant S. aur-
eus (CA-MRSA) pneumonia are reported in children and
teenagers.19–22 CA-MRSA was not identified in the antimi-
crobial resistance surveillance of community-acquired respi-
ratory tract pathogens in adults conducted in 2009–2010.23

For special populations such as elderly patients or patients
with underlying diseases (eg, congestive heart failure, cardio-
vascular or cerebrovascular diseases, chronic respiratory sys-
tem diseases, kidney failure and diabetes mellitus), gram-
negative bacteria such as K. pneumoniae and Escherichia
coli are more common.18,24,25

With the development and application of virus detection
technology, the role of respiratory tract viruses is gradually
gaining attention in the aetiology of CAP in Chinese adults.
The results of several recently published multicenter studies
showed that the detection rate of viruses was 15%-34.9% in
Chinese adult CAP patients, of which influenza virus
accounted for the largest proportion. Other contributing
viruses included parainfluenza virus, rhinovirus, adenovirus,
human metapneumovirus (hMPV) and respiratory syncytial
virus (RSV). Among the patients with positive test results
for viruses, 5.8%-65.7% could have concomitant infection
caused by bacteria or atypical pathogens.15,18,26,27

Considering the resistance profile of major pathogens,
the high percentage of S. pneumoniae resistant to macrolides
found in Chinese adult CAP patients is an important charac-
teristic that differs from that in European and American
countries. Two nation-wide multicenter surveys on adult
CAP conducted in 2003–2005 showed that 63.2%–75.4% of
S. pneumoniae isolates were resistant to macrolides.13,17

Recently, the results of 2 multicenter Community-Acquired
Respiratory Tract Infection Pathogen Surveillance (CAR-
TIPS) studies in adults conducted in urban tertiary hospitals
in China showed that 88.1%–91.3% of S. pneumoniae iso-
lates were resistant to azithromycin, the minimum inhibitory
concentration of which required to inhibit the growth of 90%
of organisms (MIC90) was 32–256 mg/L and 88.2% of the
isolates were resistant to clarithromycin.23,28 While in Euro-
pean and American countries, 12.9%-39% and 4.3%–33.3%
of S. pneumoniae isolates were resistant to erythromycin
and azithromycin, respectively.19–34 Moreover, 24.5%–
36.5% of S. pneumoniae isolates were resistant to oral
penicillins, and 39.9%-50.7% resistant to second-generation
cephalosporins in China. However, relatively low percentage
of S. pneumoniae isolates were resistant to injectable

penicillins and third-generation cephalosporins (1.9% and
13.4%, respectively).23,28

The high percentage of Mycoplasma pneumoniae strains
resistant to macrolides is another important characteristic in
the aetiology of CAP in China, which is different from that
in most other countries. Study results showed that 58.9%-
71.7% of the mycoplasma strains isolated from Chinese adult
CAP patients were resistant to erythromycin, and 54.9%-
60.4% resistant to azithromycin.35–37 The infections caused
by antibiotic-resistant mycoplasma may prolong the duration
of fever and anti-infective treatment.36 In addition to China,
25%-46% of the mycoplasma strains isolated from Japanese
adult and teenage CAP patients were resistant to macrolides.
Macrolides-resistant M. pneumoniae was also reported in
France, Canada, the United States, Spain and Germany.38–43

M. pneumoniae is highly resistant to macrolides in China,
but it remains susceptible to doxycycline, minocycline and
quinolones.35,44

3.4 | Clinical diagnostic criteria for CAP

A. Onset in community.

B. Relevant clinical manifestations of pneumonia: (1) New
onset of cough or expectoration, or aggravation of existing
symptoms of respiratory tract diseases, with or without
purulent sputum, chest pain, dyspnea, or hemoptysis; (2)
Fever; (3) Signs of pulmonary consolidation and/or moist
rales; (4) Peripheral white blood cell count (WBC)> 10
3 109/L or< 4 3 109/L, with or without a left shift.

C. Chest radiograph showing new patchy infiltrates, lobar or
segmental consolidation, ground-glass opacities, or inter-
stitial changes, with or without pleural effusion.

Clinical diagnosis can be established if a patient satisfies Cri-
terion A, Criterion C and any one condition of Criterion B
and meanwhile, tuberculosis, pulmonary tumour, non-
infectious interstitial lung disease, pulmonary edema, atelec-
tasis, pulmonary embolism, pulmonary eosinophilia and pul-
monary vasculitis are all excluded.

3.5 | Diagnosis and treatment approach
of CAP

Step 1: Determine whether a diagnosis of CAP is valid or
not. For patients with clinically suspected CAP, the possibil-
ity of unusual infections such as tuberculosis and non-
infectious causes must be considered.

Step 2: Evaluate the severity of CAP and select the loca-
tion for treatment.

Step 3: Predict the potential pathogens of CAP and risks
of antibiotic resistance (Table 2): considering patient age,
season of onset, underlying diseases and risk factors,
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symptoms or signs, characteristics of chest imaging (X-ray
film or CT), laboratory tests, severity of CAP, prior antibac-
terial therapies and so on.

Step 4: Arrange for reasonable etiological tests, and initi-
ate empirical anti-infective treatment in a timely manner.

Step 5: Evaluate the effectiveness of empirical anti-
infective treatment on CAP in a dynamic manner; investigate
the cause if initial treatment fails, and adjust treatment proto-
col promptly.

Step 6: Follow up after treatment; and provide education
on health maintenance.

4 | SECTION 2. ASSESSMENT OF
CAP SEVERITY, CRITERIA FOR
HOSPITAL ADMISSION AND
DIAGNOSTIC CRITERIA FOR
SEVERE CAP

The evaluation of CAP severity is crucial for selection of
appropriate location of treatment, initial empirical antimicro-
bial agents, as well as adjunctive and supportive treatments.

4.1 | Evaluation of CAP severity

The scoring systems of CAP severity differ from each other
(Table 3). They can be used as an aid for evaluation and pro-
vide support for clinical diagnosis and treatment, but physi-
cians should take clinical experience into consideration when
making judgments, and monitor disease progression in a
dynamic manner56 (II A). CURB-65, CRB-65 (C: disturb-
ance of consciousness, U: urea nitrogen, R: respiratory rate,
B: blood pressure, 65: age), and pneumonia severity index
(PSI) scoring systems underestimate the risk of death and
severity of influenza pneumonia,57–60 while oxygenation
index combined with absolute reduction of peripheral blood
lymphocyte is superior to CURB-65 and PSI in predicting
the risk of death due to influenza pneumonia61 (II B).

4.2 | Criteria for hospital admission of CAP
patients

CURB-65 score is recommended as a standard for deciding
whether a patient should be hospitalized or not. A score of
0–1 point: theoretically, patients should receive outpatient
treatment; a score of 2 points: patients are recommended to
receive inpatient treatment or extramural treatment with close
follow-up; a score of 3–5 points: patients should be hospital-
ized (I A).

However, other factors such as patient age, underlying
diseases, socioeconomic status, gastrointestinal functions and
treatment compliance should also be taken into account for
comprehensive evaluation62 (II B).

4.3 | Diagnostic criteria for severe CAP

Criteria for diagnosis of severe CAP63: patients who meet
any of the major criteria or� 3 minor criteria could be diag-
nosed as severe pneumonia and need close monitoring and
active treatment; it is also recommended that the patients
should be hospitalized in ICU if applicable (II A).

4.3.1 | Major criteria

1. Requiring tracheal intubation and mechanical ventilation;

2. Septic shock, and still in need of vasoactive drugs after
active fluid resuscitation.

4.3.2 | Minor criteria

1. Respiratory rate (RR) �30 bpm;

2. Oxygenation index� 250 mm Hg (1 mm Hg5 0.133
kPa);

3. Infiltrates in multiple lung lobes;

4. Disturbance of consciousness and (or) disorientation;

TABLE 2 Clinical manifestations of pneumonia in terms of different pathogens

Potential pathogen Clinical manifestations

Bacteria Acute onset, high fever with potential shivers, purulent sputum, brown bloody sputum, chest pain, significant
increase in peripheral WBC, increased C-reactive protein (CRP), signs of pulmonary consolidation or moist
rales; radiograph shows alveolar infiltrates or lobar or segmental distribution of consolidation.45–49

Mycoplasma or Chlamydia Under 60 years of age, with few underlying diseases; continuous cough, no sputum or no bacteria discovered in
sputum smear test, few pulmonary signs, peripheral WBC <10 3 109/L; radiograph may show lesions in the
upper lung field of both lungs, centrilobular nodules, tree-in-bud sign, ground-glass opacities, or thickening of
bronchial wall and may show signs of consolidation with disease progression.15,46,50–52

Virus Mostly seasonal, may have history of exposure to an epidemic or clustered outbreak, acute upper respiratory tract
symptoms, myalgia, normal or decreased peripheral WBC, procalcitonin (PCT)< 0.1 ng/mL, unresponsive to
treatment with antibacterial agents; radiograph shows bilateral, interstitial exudates in multiple lobes and/or
ground-glass opacities, which may be accompanied by consolidation.46,53–55
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TABLE 3 Features of common scoring scales for evaluating CAP severity

Scales Indices and calculation Risk ratings Recommendation

CURB-65
score64

5 indices in total; 1 pt for each criterion satisfied:
1. Disturbance of consciousness;
2. BUN >7 mmol/L;
3. RR� 30 bpm;
4. SBP< 90 mm Hg or DBP� 60 mm Hg;
5. age� 65 yrs.

Mortality risk evaluation:
0–1: low risk;
2: moderate risk;
3–5: high risk

Simple, highly sensitive, easy
for clinical application

CRB-65
score64

4 indices in total; 1 pt for each criterion satisfied:
1. Disturbance of consciousness;
2. RR� 30 bpm;
3. SBP< 90 mm Hg or DBP� 60 mm Hg;
4. age� 65 yrs.

Mortality risk evaluation:
0: low risk, outpatient treatment;
1–2: moderate risk, hospital admis-

sion or extramural treatment
with close follow-up is
recommended;

�3: high risk, patient should be
hospitalized

Suitable for medical institu-
tions unable to perform
biochemical tests

PSI score65 Sum of age (female minus 10 pts) and scores for all risk
factors:
1. Residing in a geracomium (110 pts);
2. Underlying disease: tumour (130 pts); hepatic disease

(120 pts); congestive heart failure (110 pts); cerebro-
vascular disease (110 pts); renal disease (110 pts);

3. Physical signs: change in state of consciousness
(120 pts); RR� 30 bpm (120 pts); SBP< 90 mm
Hg (120 pts); body temperature< 358C or� 408C
(115 pts); heart rate� 125 bpm (110 pts);

4. Laboratory tests: arterial blood pH< 7.35 (130 pts);
BUN �30 mg/dL (or 11 mmol/L) (120 pts); blood
sodium< 130 mmol/L (120 pts); blood
glucose� 14 mmol/L (110 pts); Haematocrit
(Hct)< 30% (110 pts); PaO2< 60 mm Hg (or fin-
gertip O2 saturation< 90%) (110 pts);

5. Chest radiograph: pleural effusion (110 pts).

Evaluation of mortality risk:
Low risk: Class I (<50 years of

age, without underlying
diseases);

Class II (�70 pts);
Class III (71–90 pts);
Moderate risk: Class IV (91–130

pts);
High risk: Class V (>130 pts).
Patients at Classes IV and V need

hospitalization

Sensitive measurement for
evaluating whether a
patient needs hospitali-
zation, highly specific.

Complex scoring system

CURXO
score66

Major indices:
1. Arterial blood pH< 7.30;
2. SBP< 90 mm Hg.
Minor indices:
1. RR� 30 bpm;
2. Disturbance of consciousness;
3. BUN> 11 mmol/L;
4. PaO2< 54 mm Hg or oxygenation index< 250 mm Hg;
5. Age� 80 yrs;
6. Chest X-ray showing multiple-lobe or bilateral pul-

monary involvement.

Patients are diagnosed as severe
CAP if any one of the major indices
or two of the minor indices are met

Simple scoring method used
for emergency diagnosis of
severe CAP

SMART-COP
Score67

Sum of scores for all the following risk factors:
SBP< 90 mm Hg (12 pts); chest X-ray showing bilat-

eral pulmonary involvement (11 pt); serum
albumin< 35 g/L (11 pt); RR� 30 bpm (> 50 yo)
or� 25 bpm (� 50 yo) (11 pt); heart rate� 125
bpm (11 pt); New onset of disturbance of con-
sciousness (11 pt); hypoxemia (12 pts):
PaO2< 70 mm Hg, or fingertip O2 satu-
ration� 93%, or oxygenation index< 333 mm Hg
(� 50 yo); PaO2< 60 mm Hg, or fingertip O2 satu-
ration� 90%, or oxygenation index< 250 mm Hg
(>50 yo); arterial blood pH< 7.35 (12 pts).

0–2: low risk
3–4: moderate risk
5–6: high risk
7–8: extremely high risk

A score> 3 indicates the
possibility that the patient
needs respiratory monitor-
ing or circulatory support
therapy
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5. Blood urea nitrogen (BUN)� 7.14 mmol/L;

6. Systolic blood pressure (SBP)< 90 mm Hg, requiring
active fluid resuscitation.

5 | SECTION 3. ETIOLOGICAL
DIAGNOSIS OF CAP

5.1 | Selection of method for etiological
diagnosis of CAP

1. Unless there is a clustered outbreak of pneumonia or the
clinical response to initial empirical treatment is inad-
equate, etiological tests are generally not required for out-
patients with mild CAP1,2,68–70 (III B).

2. Hospitalized CAP patients (including patients who require
monitoring at the emergency room) usually require etio-
logical testing. The selection of etiological tests should be
based on multiple factors, including patient age, underly-
ing diseases, immune status, clinical characteristics, sever-
ity of disease and prior anti-infective treatment.
Appropriate etiological testing is especially important
when antimicrobial adjustment is necessary due to
insufficient efficacy of empirical anti-infective treat-
ment1,2,68 (I A).

3. See Table 4 for the recommended etiological tests of CAP
under specific clinical situations.

4. Invasive etiological sampling is only selectively applicable
for the following patients:

i. Patients with pneumonia and concomitant pleural effu-
sion, especially when pleural effusion is on the same
side of the infected pulmonary lesion; etiological test-
ing could be performed with pleural effusion samples
collected via thoracentesis.

ii. Patients receiving mechanical ventilation: etiological
testing could be performed with lower respiratory tract
samples obtained via bronchoscopy, including endotra-
cheal aspiration (ETA), bronchoalveolar lavage fluid
(BALF) and protected specimen brush (PSB).

iii. Patients who have inadequate response to empirical
treatment and are suspected to be infected with unusual
pathogens: when the cause of disease cannot be deter-
mined with respiratory tract samples obtained with reg-
ular methods, etiological testing could be performed
with lower respiratory tract samples obtained via bron-
choscopy (including ETA, BALF and PSB) or histo-
logical samples obtained via percutaneous needle lung
biopsy.

iv. Patients without improvement after active anti-infective
therapies, who require differential diagnosis with non-

infectious pulmonary lesions (such as tumour, vasculi-
tis and interstitial lung disease) (III B).

5.2 | Primary testing methods for CAP
pathogens and diagnostic criteria

See Table 5 for the primary testing methods for CAP patho-
gens and their corresponding diagnostic criteria.

6 | SECTION 4. ANTI-INFECTIVE
THERAPIES FOR CAP

6.1 | Empirical anti-infective therapies
for CAP

After clinical diagnosis of CAP is established, and etiological
test and sampling arranged appropriately, the most potential
pathogens should be assessed in terms of patient age, under-
lying disease, clinical characteristics, results of laboratory
and radiography tests, severity of disease, hepatic and renal
functions, and history of medication and antimicrobial sus-
ceptibility profile, then evaluate the risk for antibiotic resist-
ance, select the appropriate anti-infective agent (s) and
dosing regimen (Table 6). The initial empirical antibacterial
therapy should be administered promptly. It is important to
note that the epidemiological distribution and antimicrobial
resistance profile of pathogens may be different in different
regions of China. The anti-infective drugs listed in Table 6
are optional for initial empirical therapy. The treatment rec-
ommendations are only theoretical. The selection of therapies
for specific patients must be based on the actual situation in
local healthcare facilities.

Additionally, the pharmacokinetic and pharmacodynamic
properties of antibacterial agents must be taken into consider-
ation. For time-dependent antibacterial agents (such as peni-
cillins, cephalosporins, monobactams and carbapenems),
their bactericidal ability is almost saturated at 4–5 times of
MIC,115 and T>MIC (time above MIC) is an important
determinant of efficacy.116 Better clinical efficacy can be
achieved by multiple doses per day based on half-lives.
Meanwhile, the bactericidal ability of concentration-
dependent antibacterial agents, such as aminoglycosides and
quinolones, increases with drug concentration. The effect
improves with higher peak drug concentration.116 Therefore,
these drugs are usually administered once daily in order to
increase drug activity and decrease the risk of drug resistance
and kidney injury caused by aminoglycosides.

Recommendations of this guideline for empirical anti-
infective treatment of CAP are provided in the following.

1. The first dose of anti-infective agent should be used as
early as possible after diagnosis of CAP is established in
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order to improve efficacy and decrease mortality and hos-
pital stay. However, it is important to note that a correct
diagnosis is a prerequisite. Physicians should not ignore
necessary differential diagnosis for the purpose of early
diagnosis117–120 (II B).

2. For mild CAP outpatients, oral anti-infective agents with
high bioavailability should be used when possible. Oral
treatment with amoxicillin or amoxicillin-clavulanic acid
is recommended2,121,122 (I B). For young patients without
underlying diseases, oral doxycycline or minocycline
may be considered if suspected of mycoplasma or chla-
mydia infection1,123 (III B). S. pneumoniae and M. pneu-
moniae are highly resistant to macrolides in China.28,36

Empirical macrolides treatment can only be used in
regions with lower resistance rates122 (II B). Respiratory
quinolones can be used instead in regions with higher
resistance rates to macrolides or in patients who are
hypersensitive or intolerant to the drugs mentioned
above121,122,124 (II B).

3. For CAP patients who require hospitalization, b-lactams
monotherapy or in combination with doxycycline, mino-
cycline or macrolides and respiratory quinolones mono-
therapy are recommended2,125–127 (II B). However,
compared with combination therapies, respiratory quino-
lones monotherapy is associated with fewer adverse reac-
tions,128 and no skin test is required.

4. For young adult patients with severe CAP and without
underlying diseases who require admission to ICU,
penicillins-lactamase inhibitor combinations, third gener-
ation cephalosporins, ertapenem combined with macro-
lides or respiratory quinolones monotherapy are
recommended.1,2,127,129–132 For the elderly patients or
patients with underlying diseases, combination antimicro-
bial therapy is recommended133 (II B).

5. For CAP patients at risk of aspiration, the optimal selec-
tion should be drugs with anti-anaerobic activity, such as
ampicillin-sulbactam, amoxicillin-clavulanic acid, moxi-
floxacin, carbapenems and so on, or therapies in combi-
nation with metronidazole, clindamycin and so on 134–141

(II A).

6. For hospitalized patients� 65 years of age and with
underlying diseases (eg, congestive heart failure, cardio-
vascular and cerebrovascular diseases, chronic respiratory
system diseases, kidney failure, diabetes mellitus, etc.),
the possibility of Enterobacteriaceae infection should be
considered.24 Such patients should be further evaluated
for the risk of infections with extended-spectrum beta-
lactamases (ESBLs) -producing bacteria (eg, history of
colonization or infection with ESBLs-producing bacteria,
prior use of third generation cephalosporins, history
of repeated or long-term hospitalization, indwelling

implants, renal replacement therapies).142–144 Cephamy-
cins,145,146 piperacillin-tazobactam, cefoperazone-sulbac-
tam or ertapenem can be used in empirical therapy for
high-risk patients 24,147 (III B).

7. During influenza seasons, CAP patients with suspected
influenza virus infection are recommended to receive regular
influenza virus antigen test or nucleic acid assay. Proactive
antiviral therapy with neuraminidase inhibitors should be
administered simultaneously even 48 h after disease onset. It
is not necessary to wait for the results of influenza pathogen
tests148–152 (I A). During influenza seasons, physicians must
be aware of the possibility of secondary bacterial infections,
especially S. pneumoniae, S. aureus and H. influenzae,
which are relatively common153–155 (II A).

8. Anti-infective therapy can usually be terminated 2–3 days
after fever is relieved and the primary respiratory tract
symptoms are improved significantly. However, the dura-
tion of therapy should differ based on the severity of dis-
ease, treatment response, complications and pathogens. It
is not necessary to use chest X-ray or CT as an indication
of termination of anti-bacterial agents. Generally, the dura-
tion of therapy should be 5–7 days for patients with mild
or moderate CAP, which could be reasonably prolonged
for patients with severe CAP or with extra-pulmonary
complications. The duration of therapy can be prolonged
to 10–14 days for patients with atypical pathogens and/or
slow response to treatment. S. aureus, P. aeruginosa,
Klebsiella and anaerobic bacteria may cause necrosis of
lung tissues, therefore, the duration of therapy may be pro-
longed to 14–21 days1,2,122,156–159 (I B).

6.2 | Targeted anti-infective therapies
for CAP

Once aetiology of CAP is determined, targeted therapies can
be delivered according to the results of in vitro susceptibility
testing. See Table 7 for common pathogens of CAP, common
anti-infective agents, as well as dosage and administration.

7 | SECTION 5. ADJUNCTIVE
THERAPIES FOR CAP

CAP is the primary cause of death among infectious dis-
eases. In addition to anti-infective treatment targeting the
pathogens, it is also necessary for patients with moderate or
severe CAP to receive adjunctive therapies such as rehydra-
tion, maintenance of fluid and electrolyte balance, nutrition
support and physical therapy2 (II B). For patients with con-
comitant low blood pressure, early fluid resuscitation is an
important measure to decrease the mortality of serious
CAP1,168 (II B). For patients with hypoxemia, oxygen
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therapy and assisted ventilation are also important to improve
the outcomes of patients. Additionally, nebulization, postural
drainage and chest physical therapy are also used in CAP
treatment169–171 (II B). Adjunctive drugs for severe CAP
also include glucocorticoids, intravenous immune globulin
and statins, although currently there is no conclusive evi-
dence for their effectiveness172 (II B).

7.1 | Oxygen therapy and assisted respiration

1. The blood oxygen level of hospitalized CAP patients
should be evaluated in a timely manner. Oxygen therapy
via nasal catheter or face mask is recommended for
patients with hypoxemia in order to maintain blood oxy-
gen saturation at above 90%. Additionally, for patients
with risk of hypercapnia, oxygen saturation should be
maintained at 88%-92% before obtaining the results of
blood gas analysis173,174 (III A). The results of recent stud-
ies showed that heated and humidified high-flow oxygen
therapy via nasal catheter (40–60 L/min) could also be
used in clinical practice175,176 (II B).

2. Compared with high-concentration oxygen therapy, non-
invasive ventilation (NIV, including bilevel positive air-
way pressure or continuous positive pressure ventilation)
can decrease the endotracheal intubation rate and mortality
of CAP patients with acute respiratory failure,177–181

improve oxygenation index faster and more signifi-
cantly,177,178,182,183 and decrease the incidence of multiple
organ failure,179 and septic shock.177 These benefits are
more significant for patients with concomitant chronic
obstructive pulmonary disease180 (II B). However, for
CAP patients with acute respiratory distress syndrome
(ARDS), NIV has shown high failure rate184 and it cannot
improve prognosis.177 NIV is also not appropriate for CAP
patients with severe hypoxemia (oxygenation
index< 150 mm Hg)184 (II A).
Additionally, the failure of NIV must be recognized
timely. NIV failure is indicated if NIV cannot improve
respiratory rate or oxygenation state within the initial 1–
2 h,180,184,185 or the therapy cannot decrease the blood car-
bon dioxide level in a patient with initial hypercapnia.180

The oxygen therapy should be switched to tracheal intuba-
tion and ventilator-assisted ventilation immediately (II A).

3. Mechanical ventilation with low tidal volume (6 mL/kg
ideal body weight) should be used for CAP patients with
ARDS after tracheal intubation186,187 (I A).

4. For patients with severe CAP and concomitant ARDS,
extracorporeal membrane oxygenation (ECMO) can be
used if regular mechanical ventilation cannot lead to
improvement188–191 (II B). Indications of ECMO include:
(1) reversible respiratory failure associated with severeT
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hypoxemia (oxygenation index< 80 mm Hg or hypoxemia
that cannot be corrected even after 6 h high-level positive
end-expiratory pressure [PEEP] assisted-ventilation); (2)
serious decompensatory acidosis (pH< 7.15); (3) exces-
sively high plateau pressure (eg,> 35–45 cm H2O).

192

7.2 | Glucocorticoids

Glucocorticoids can decrease the mortality of CAP patients
complicated with septic shock.193–195 Hydrocortisone succi-
nate 200 mg/day is suggested based on the treatment of sep-
tic shock.196 The drug should be stopped promptly after
septic shock is corrected. The duration of therapy is normally
no more than 7 days (II C). The benefits of glucocorticoids
are unclear for other severe CAP patients without septic
shock. Additionally, systemic use of glucocorticoids can
cause insulin-requiring hyperglycemia.197,198

8 | SECTION 6. ASSESSMENT
AFTER INITIAL THERAPY AND
THE CRITERIA FOR DISCHARGE

For most CAP patients, clinical symptoms can be improved
72 h after the initial therapy, while radiographic improve-
ment lags behind clinical symptoms.199–202 Disease status
should be assessed 72 h after initial therapy. Some patients
are slower to respond to therapies. In such cases, it is appro-
priate to continue the therapy without a need to change the
regimen immediately as long as no exacerbation occurs in
clinical manifestations1,203–205 (I A).

8.1 | Assessment after initial therapy

The initial therapy is assessed as effective or failure based on
the patient’s response to treatment, and subsequent manage-
ment is provided accordingly. Assessment after initial ther-
apy should include the following 5 aspects:

1. Clinical manifestations: including respiratory and sys-
temic symptoms and signs (III A).

2. Vital signs: general condition, consciousness, body tem-
perature, respiratory rate, heart rate, blood pressure and
so on.2 (I A).

3. General laboratory tests: including routine blood test,
blood biochemistry, blood gas analysis, C-reactive pro-
tein, procalcitonin and so on. It is recommended to repeat
C-reactive protein, procalcitonin and routine blood tests
after 72 h for hospitalized patients in order to differentiate
between treatment failure and slow response to therapy.
Patients with severe conditions should be monitored
closely2,206–209 (II B).

4. Microbiological tests: it is appropriate to repeat regular
microbiological tests. Molecular biological and serologi-
cal assays can be used when necessary. Efforts should be
made to obtain etiological evidence210–220 (II B).

5. Chest radiography: it is not recommended to repeat chest
radiography regularly for patients with significant
improvement in clinical symptoms. When symptoms and
signs persist or exacerbate, chest X-ray or chest CT should
be repeated to identify the changes of lung lesions2 (I A).

8.2 | Definition of effective initial therapy and
subsequent management

1. An effective initial therapy is defined as the situation that the
clinical condition of a patient is stabilized after therapy. All
the 5 criteria below must be met for clinical stability: (1) body
temperature� 37.88C; (2) heart rate� 100 bpm; (3) respira-
tory rate� 24 bpm; (4) systemic blood pressure� 90 mm
Hg; (5) O2 saturation� 90% (or arterial partial pressure of
O2� 60 mmHg, while breathing air)1,221 (II A).

2. Subsequent management is recommended after an effec-
tive initial therapy: (1) For patients with significant
improvement in symptoms after initial therapy, it is appro-
priate to continue the same anti-infective treatment (I A).
(2) For patients who have achieved clinical stability and
are able to receive oral therapy, sequential therapy should
be administered with pathogen-susceptible oral prepara-
tions of the same types of antimicrobial agents or another
agent with similar antibacterial spectrum1,222 (I A).

8.3 | Definition of failed initial therapy and
subsequent management

1. A failed initial therapy is defined as either of the following
situations in a patient: the symptoms are not improved
after initial therapy, and requiring alternative antibiotics;
exacerbation and disease progression after initial improve-
ment during initial therapy (II A).
Two forms of failure are primarily observed in clinical
practice223,224: (1) Progressive pneumonia: disease pro-
gresses to acute respiratory failure requiring mechanical
ventilation support or septic shock requiring vasoactive
drug therapy within 72 h from arrival at the hospital223,224;
(2) Unresponsive to therapies221,225: patient cannot achieve
clinical stability 72 h after initial therapy.

2. Local or systemic complications,2,205,226 such as parapneu-
monic effusion, empyema, ARDS, phlebitis, septicemia
and metastatic abscesses, are risk factors for failure of ini-
tial therapy. Other potential factors include nonbacterial
infection or antibiotic-resistant bacterial infection not
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covered by initial treatment, and noninfectious diseases.
See the flowchart for failure of initial treatment (Figure 1)
for details.1,17,18,51,223,226,227

8.4 | Criteria for hospital discharge

Discharge can be considered when a patient with clear diag-
nosis shows significant improvement after effective treat-
ment, evidenced by normal body temperature for more than
24 h, and the other 4 criteria for clinical stability are satisfied.
Moreover, the patient is able to receive oral treatment, and
there is no other complications or disturbance of conscious-
ness requiring further management1 (I A).

9 | SECTION 7. UNUSUAL TYPES
OF CAP

9.1 | Unusual pathogens

9.1.1 | Viral pneumonia

Respiratory tract viruses play an important role in adult CAP.
They can be direct responsible pathogens for CAP, or facilitate

the onset of secondary bacterial pneumonia due to S. pneumo-
niae, S. aureus, and so on. Both primary viral pneumonia and
secondary or concomitant bacterial infections can be
severe.53,228 Viruses are reported to be detected in 15%-34.9%
of Chinese adult CAP patients with normal immune sta-
tus.15,26,27 Common viruses in adult CAP include influenza
virus, parainfluenza virus, rhinovirus, adenovirus, hMPV and
RSV. Since 2009, the new H1N1 influenza A virus has
become a major viral strain for seasonal influenza, along with
seasonal viral strain H3N2.15,26,27,229–234 In recent years, there
have also been cases of pneumonia caused by avian influenza
A virus (H5N1, H7N9 and H10N8) and imported Middle East
respiratory syndrome (MERS) coronavirus.235–252 Early diag-
nosis based on epidemiological (such as epidemic season and
history of traveling to epidemic regions) and clinical character-
istics, early antiviral therapy (within 48 h of the onset of the
disease), and reasonable supportive therapies are critical meas-
ures to reduce mortality101,229,230,253–255 (II B). See Table 8 for
the epidemiological and clinical characteristics and treatment
of viral pneumonia. See corresponding sections of this guide-
line for information on diagnosis and prophylaxis. Epidemio-
logical clues are especially important in patients with highly
contagious and newly discovered respiratory tract viruses.

FIGURE 1 Flowchart for failure of initial treatment
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9.1.2 | Legionella pneumonia

In China, Legionella pneumonia accounts for 5.08% of
CAP.17 Legionella pneumonia usually progresses to severe
condition. Almost 50% of the hospitalized patients due to
Legionella infections require ICU admission,272 and the mor-
tality is up to 5%-30%.272 Susceptible populations include
the elderly, males, smokers,273,274 individuals with chronic
underlying cardiac or pulmonary diseases,272,274–276 diabetes
mellitus,274,275 malignant tumour, immunosuppression273–275

and use of tumour necrosis factor-a antagonists.277 The rele-
vant epidemiological history includes contact with contami-
nated air conditioners, air conditioner cooling tower, or
contaminated potable water, hot recreational spa, gardening
activities or plumbing repairs and the history of traveling to
an area with Legionella outbreak.2,275,276,278

The possibility of Legionella pneumonia should be sus-
pected when an adult CAP patient develops the following
conditions: fever but relative bradycardia, acute onset of
headache, non-drug-induced disturbance of consciousness or
sleepiness, non-drug-induced diarrhoea, acute renal and/or
hepatic impairment, hyponatremia, hypophosphatemia and
unresponsiveness to b-lactams.164,276,278–283 The relatively
specific manifestations of Legionella pneumonia in chest
radiograph is sharply demarcated consolidation intermingled
with ground-glass opacities. Another characteristic of
Legionella pneumonia is radiographic progression within a
short period of time (1 week) even though improvement in
clinical symptoms. Or it may take several weeks or even
months for pulmonary infiltrates to be completely
absorbed.284–286

Macrolides, respiratory quinolones or doxycycline mono-
therapy are appropriate for immunocompetent patients with
mild or moderate Legionella pneumonia. Quinolones com-
bined with rifampin or macrolides are recommended for
patients with severe conditions, or when monotherapy fails
and those immunocompromised patient1,2,287–290 (I A).
When quinolones are combined with macrolides, physicians
should pay close attention to the potential risk of abnormal-
ities in cardiac electrophysiology2 (I A).

9.1.3 | Community-acquired methicillin-
resistant S. aureus pneumonia

Currently, CA-MRSA pneumonia is relatively rare in Main-
land China. Only a small number of cases are reported in
children and teenagers.19–22 Similarly, among the skin and
soft tissue infections caused by S. aureus, MRSA only
accounts for a small proportion (5/164).291 Among the patho-
gens of hospitalized CAP patients, the proportion of MRSA
is 4.3% in Taiwan,292 3.3% in Japan293 and 6.2%-8.9% in the
United States according to a survey.294 The estimated inci-
dence of CA-MRSA pneumonia is 0.51–0.64/100 000T
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people.295 CA-MRSA pneumonia is a severe disease associ-
ated with mortality up to 41.1%.296 Vulnerable populations
include patients or individuals with close contact with a
MRSA carrier or patient, individuals affected by influenza
virus, prisoners, professional athletes, individuals who serve
in the army recently, men who have sex with men, intrave-
nous drug users, regular sauna users and those using antibac-
terial agents before infection.295

CA-MRSA pneumonia progresses rapidly. The clinical
symptoms include influenza-like symptoms,296,297 fever,
cough, chest pain, gastrointestinal symptoms and skin rashes.
For patients with serious conditions, severe pneumonia
symptoms such as hemoptysis, confusion, ARDS, multiple
organ failure and shock may appear, as well as complications
such as acidosis, disseminated intravascular coagulation,
deep vein thrombosis, pneumothorax or empyema, pneuma-
tocele, pulmonary abscess and acute necrotic pneumonia.295

Radiographic characteristics of CA-MRSA pneumonia
include extensive pulmonary consolidation and multiple cav-
ities in bilateral lungs.298 CA-MRSA pneumonia should be
suspected after influenza or in previously healthy young
patients in case of cavitation, necrotic pneumonia associated
with rapid increase of pleural effusion, massive hemoptysis,
neutropenia and/or erythematous rashes.299 Glycopeptides or
linezolid are the primary choice for CA-MRSA pneumo-
nia1,299 (III B).

9.2 | Special populations

9.2.1 | CAP in the elderly

Currently, the consensus definition of CAP in the elderly
(elderly CAP) is pneumonia occurring in the population
aged� 65 years.2,300,301 The incidence of elderly CAP
increases with age.

The clinical manifestations of elderly CAP can be atypi-
cal.302,303 The manifestations may only include poor appe-
tite, urinary incontinence, tiredness and altered mental state
and so on.2,301 Typical manifestations of pneumonia such as
fever, cough and increased WBC/neutrophil count may not
be so evident.303 Therefore, missed diagnosis and misdiagno-
sis may occur. Tachypnea is a sensitive index for diagnosis
of elderly CAP.304 When fever or any of the above-
mentioned atypical symptoms appear, chest radiography
should be done as early as possible to confirm the
diagnosis.304

S. pneumoniae is still the main pathogen for elderly
CAP, but the possibility of Enterobacteriaceae infection
should be considered for elderly patients with underlying dis-
eases (congestive heart failure, cardiovascular and cerebro-
vascular diseases, chronic respiratory system diseases, renal
failure, diabetes mellitus, etc.).24,300,305 These patients should

be further evaluated for risk factors of ESBLs-producing
Enterobacteriaceae. Empirical treatment with cephamycins,
piperacillin-tazobactam, cefoperazone-sulbactam, ertapenem
or other carbapenems is recommended for patients with high
risk of infections with ESBLs-producing Enterobacteriaceae
145–147,306 (III B). Relevant risk factors include history of
ESBLs-producing bacterial colonization or infection, prior
use of third generation cephalosporins, history of repeated or
long-term hospitalization, indwelling medical devices, renal
replacement therapies.142–144

Elderly patients are associated with reduced organ func-
tions, which must be monitored during treatment to avoid
side effects. Reduced renal excretion may cause prolonged
half-lives of drugs, so the dosage should be reasonably
adjusted in terms of CrCl when treating such patients304 (II
B). If no contraindication exists, hospitalized elderly CAP
patients should be evaluated for risk of deep vein thrombosis
and prophylaxis with low molecular weight heparin should
be administered when necessary307 (II B).

The treatment failure rate is 6%-15% for elderly CAP.308

Common reasons are concomitant severe sepsis, myocardial
infarction, or progression of pneumonia.309 Cardiovascular
event is common in elderly CAP, which is one of the reasons
for increased mortality.308,309

9.2.2 | Aspiration pneumonia

Aspiration pneumonia is pulmonary infectious lesions caused
by aspiration of food, oropharyngeal secretion, or gastric
content into the throat or lower respiratory tract, not includ-
ing chemical inflammation in the lung due to aspiration of
sterile gastric fluid.310–312 The majority cases of aspiration
pneumonia are caused by silent aspiration, accounting for
around 71% of elderly CAP.312

The following points should be noted when making diag-
nosis of aspiration pneumonia: (1) whether there are risk fac-
tors for aspiration (eg, disturbance of consciousness due to
cerebrovascular diseases or other reasons, dysphagia, peri-
odontal diseases, or poor oral hygiene)122,308,313–316; (2)
whether chest radiograph shows primary lesions in the poste-
rior segment of upper lobe and dorsal or basal segment of
the lower lobe, just as in hypostatic pneumonia.312,317–319

Aspiration pneumonia is mostly caused by infections with
anaerobic bacteria, gram-negative bacteria or S. aureus. The
treatment should cover the above pathogens and based on the
severity of disease using antimicrobial agents with anti-
anaerobic activity, such as amoxicillin-clavulanic acid,
ampicillin-sulbactam, moxifloxacin, carbapenems or in combi-
nation with metronidazole or clindamycin 136,139–141,316,320,321

(II A). Targeted treatment can be administered after the results
of sputum culture and antimicrobial susceptibility testing are
available.

1348 | CAO ET AL.



Intensive care is required for the elderly patients with
risk factors of aspiration in order to reduce the incidence of
aspiration pneumonia, specifically: (1) the head of bed
should be elevated to 35–408 for long-term bedridden
patients if there is no contraindication, and the patient should
be in appropriate position when feeding the patient; (2) oral
hygiene should be maintained to reduce bacterial coloniza-
tion in the oropharyngeal area; (3) for elderly patients with
severe dysphagia who have already experienced aspiration,
physicians should evaluate the risks and benefits of nasal
feeding via indwelling gastric tube; (4) antipsychotic drugs,
antihistamines and anticholinergic agents should be avoided
or decreased135,322,323 (II B).

10 | SECTION 8. PROPHYLAXIS

Smoking cessation,1 avoid excessive alcohol drinking,
adequate nutrition and good oral health324 are all helpful in
preventing pneumonia (III B). Good hand hygiene habits
should be maintained. During an episode of respiratory tract
symptoms such as coughing or sneezing, wearing a mask or
using tissues or elbow clothes to cover the nose and mouth
can reduce the dissemination of respiratory tract patho-
gens325 (III A).

Vaccination against S. pneumoniae can reduce the risk of
pneumonia in specific populations. The S. pneumoniae vac-
cines currently in use include pneumococcal polysaccharide
vaccine (PPV) and pneumococcal conjugate vaccine (PCV).

In China, 23-valent pneumococcal polysaccharide vac-
cine (PPV23) has been on the market. It can effectively pre-
vent invasive S. pneumoniae infections.326 PPV23 is
recommended for the following populations (I B): (1)
age� 65 years; (2) age< 65 years, but with chronic pulmo-
nary disease, chronic cardiovascular disease, diabetes melli-
tus, chronic renal failure, nephrotic syndrome, chronic
hepatic disease (including hepatic cirrhosis), alcoholism,
cochlear implant, cerebrospinal fluid leakage, immunodefi-
ciency or functional or organic asplenia; (3) long-term resi-
dents in nursing homes or other medical institutions; (4)
smokers.327 For the above patients, one dose of vaccine by
intramuscular or subcutaneous injection is recommended.
Usually, repeat vaccination is not advised for immunocom-
petent individuals, although it is appropriate for individuals
under 65 years of age, but with chronic renal failure,
nephrotic syndrome, functional or organic asplenia or immu-
nodeficiency. There should be at least a 5-year interval
between two doses of PPV23. Repeat vaccination is not nec-
essary for the individuals who are at least 65 years of age at
the time of first vaccination (I B).

The 13-valent pneumococcal conjugate vaccine (PCV13)
can cover 70%-80% of S. pneumoniae serotypes in
China,328,329 associated with excellent immunogenicity,330

but it has not been available in China market. PCV13 vacci-
nation strategy: adults aged� 65 years who have not
received S. pneumoniae vaccination should receive 1 dose of
PCV13, and 1 dose of PPV23 within 6–12 months afterward;
adults aged� 65 years who have received one or more doses
of PPV23 should receive 1 dose of PCV13 at least one year
after the latest dose of PPV23; adults who have received
PPV23 before the age of 65 should receive PCV13 after 65
years old (at least one year after the last vaccination), and
can repeat PPV23 vaccination at least 6–12 months later, but
there should be at least a 5-year interval between the two
doses of PPV23331 (I B).

Influenza vaccines can prevent influenza or reduce
influenza-associated symptoms.332,333 They also have some
protective effects against influenza pneumonia and bacterial
pneumonia secondary to influenza.334 The target population
of influenza vaccines is broader than that of S. pneumoniae
vaccines. See the Chinese Guidelines for Diagnosis and
Treatment of Influenza101 and visit the website for National
Influenza Center335 for details. One dose of influenza vac-
cine is recommended per annual influenza season1 (I A).
Combination of pneumococcal vaccines with influenza vac-
cines can decrease mortality in elderly patients336 (II B).
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